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Prosedure Penggunaan Alat 

1. Pastikan equipment yang akan digunakan dalam posisi 'On' 

2. Switch Power On 

3. Tekan tombol mode VCR pada Universal Remote Control BC-9950 

4. Tekan tombol Power On ( keluar tampilan LCD) 

5. Tekan tomboI4/5/6 (untuk menghidupkan equipment) 

- Tombol 4 : untuk menghidupkan equipment Audio J (AI-7 lampu 

nyala) 

- Tombol 5 : untuk menghidupkan equipment Audio 2 (A2-7 lampu 

nyala) 

- Tombol 6 : untuk menghidupkan equipment Audio Video (AV-7 

lampu nyala) 

Jika salah satu tombo14/5/6 ditekan (ldari 3 lampu led menyala) maka: 

- Tombol4 -7 Memilih equipment Al (SELECT I -7 tampilan LCD) 

- Tombol 5 -7 Memilih equipment A2 (SELECT 2 -7 tampilan LCD) 

- Tombol 6 -7 Memilih equipment A V (SELECT 3 -7 tampilan LCD) 

6. Tekan tombol1l2/3 (memilih equipment yang akan digunakan) 

- Tombol I -7 Memilih equipment Al (SELECT I -7 tampilan LCD) 

- Tombol 2 -7 Memilih equipment A2 (SELECT 2 -7 tampilan LCD) 

- Tombol 3 -7 Memilih equipment A V (SELECT 3 -7 tampilan LCD) 

SELECT 1 : Equipment Al terhubung pada output (amplifier) 

SELECT 2 : Equipment A2 terhubung pada output (amplifier) 

SELECT 3 : Equipment AV terhubung pada output (Television) 



Pemilihan equipment dapat dilakukanjika 2-3 lampu Led menyala 

Contoh : Lampu Al menyala, lampu A2 menyala, lampu A V mati, maka 

pemilihan equipment dapat dilakukan pada tombol I dan 2 

7. Jika equipment tidak digunakan lagi dapat dimatikan secara langsung pada 

tombol 4/5/6, tergantung pada equipment mana yang akan dimatikan 

- Tombol 4 : untuk mematikan equipment Audio I (AI-7 lampu 

mati) 

Tombol 5 untuk mematikan equipment Audio 2 (A2-7 lampu 

mati) 

Tombol6 untuk mematikan equipment Audio Video (AV-7 

lampumati) 

8. Jika semua equipment tidak digunakan lagi dapat secara langsung 

dimatikan dengan menekan tombol Power. 

Jika pada tampilan LCD tercetak "ON' berarti equipment tersebut siap untuk 

digunakan. 

Jika pada tampilan LCD tercetak "OFF" berarti equipment yang akan digunakan 

tersebut dalam keadaan mati (tidak ada sumber tegangan Vac). 
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HASIL PENGUJIAN ALAT 

Tombol Rei all Analo~ Multiplexer Display LCD Equipment yang d~lih 
Remote 1 2 3 CMOS 4052 CMOS 4053 A1 A2 AV 

INH B A INH C B A 
Power On OFF OFF OFF 4.35 4.35 4.35 4.35 4.35 4.35 4.35 I ~ I E I ~ I ~ I ~ I T II-II :~ II ~ I ~ I ~ I - - -

Equipment A1 dinyalakan 
I ~ IEI~I~I~ITII-II:~ II~I~IFI - - -

Equipment A2 dinyalakan I ~ I E I ~ I ~ I CiT II-II :~ II ~ I ~ I ~ I - - -

Equipment AV dinyalakan I ~ ! E I ~ I = ! ~ ! T I! -I! :~ II ~ 1 : 1 F I - - -

Tombol4 ON OFF OFF 0 0 4.35 4.35 0 0 0 
I ~ IEI~I~I~ITI1111 ~ II~I~IFI RADIO - -

Tombol5 OFF ON OFF 0 4.35 0 4.35 0 0 0 I ~ 1 E I ~ 1 ~ 1 CiT 11211 :~ 1/ ~ 1 ~ I ~ I - TAPE -

Tombol6 OFF OFF ON 4.35 0 0 0 4.35 4.35 4.35 
I :21 E I ~ 1 ~ I ~ IT 11

3
11 :! II ~ I : I F I - - VCD 

Tombol1 ON ON ON 0 0 4.35 4.35 0 0 0 
I ~ I E I ~ I ~ I CiT 111 II :! II ~ I ~ I I RADIO - -

Tombol2 ON ON ON 0 4.35 0 4.35 0 0 0 I ~ I E I ~ I ~ I CiT 11211 :! II ~ I ~ I I - TAPE -

Tombol3 ON ON ON 4.35 0 0 0 4.35 4.35 4.35 
I ~ I E a I ~ I C IT 11

3
/1 :~ /I ~ I ~ I I - - VCD 



SMOD51 

CSEG 
ORG OOH 
JMP START 

ORG OBH 
CLR TRO 
SETB 21H.0 
RET! 

;Matikan Timer 0 

KATA: DB 'SELECT - A V OFF',O,'AI OFF A2 OFF',O 

,,----
;Delay4mS 

O4mS: MOV R7,#20 
D4mSOl: MOV R6,#100 

DJNZ R6,$ 
DJNZ R7,04mSOI 
RET 

,'----
Delay 100 mS 

DIOOmS: MOV R7,#5 
DlOOmSOI: MOV R6,#100 
DIOOmS02: MOV R5,#100 

EPI: 

DJNZ R5,$ 
DJNZ R6,Dl OOmS02 
DJNZ R7,D I OOmSO I 
RET 

Enable Pulse Instruction 

ANL A,#OFOH 
ORL A,#OOCH 
MOV PI,A 
ANL A,#OF8H 
MOV PI,A 
ACALL D4mS 
RET 

;LCD Control Instruction 

LCI: MOV R5,A 
ACALL EPI 
MOV A,R5 
SWAP A 
ACALL EPI 
RET 

,----_._--
InisiaIisasi LCD 4 Bit 

._-------, 
IL4B: MOV R5,#3 

;4 Bit 
;Enable High, Instruction Input 

;Enable Low, Instruction Input 

;Delay4 mS 

;Ambil4 Bit (07 .. 04) 
;Enable Pulse Instruction 

;Ambil4 Bit (03 .. 00) 
;Enable Pulse Instruction 

;Diulang 3 Kali 



IL4BOI: MOV A,#30H 
ACALL EPI 
DJNZ R5,IL4BOI 
MOV A,#20H 
ACALL EPI 
MOV A,#28H 
ACALL LCI 
MOV A,#06H 
ACALL LCI 
MOV A,#OCH 
ACALL LCI 

DC: MOV A,#OIH 
ACALL LCI 
RET 

;Enable Pulse Data 
,------
EPD: ANL A,#OFOH 

ORL A,#OODH 
MOV PI,A 
ANL A,#OF9H 
MOV PI,A 
MOV R7,#40 
DJNZ R7,$ 
RET 

;LCD Control Data 

LCD: MOV R5,A 
ACALL EPD 
MOV A,R5 
SWAP A 
ACALL EPD 
RET 

;TampiJan Awal 

KDKL: MOV A,#O 
MOVC A,@A+DPTR 
INC DPTR 
JZ EscKDKL 
ACALL 
LCD 
JMP KDKL 

EscKDKL: RET 

TA: MOV A,#080H 
ACALL LCI 
MOV DPTR,#KATA 
ACALL KDKL 
MOV A,#OCOH 
ACALL LCI 
ACALL KDKL 
RET 

;Reset Sequence 
;Enable Pulse Instruction 

;Reset Sequence 
;Enable Pulse Instruction 
;Function Set 
;(4 Bit, 2 Lines, 5 x 7 Dot Matrik) 
;Entry Mode Set 
;(Increment, No Display Shift) 
;Display OniOffControl 
;(Display On, Cursor Off, Blink Oft) 
;Display Clear 
;LCD Control Instruction 

;4 Bit 
;Enable High, Data Input 

;Enable Low, Data Input 

;Delay40uS 

;Ambil4 Bit (D7 .. 04) 
;Enable Pulse Data 
;Ambil 4 Bit (D3..DO) 

;Enable Pulse Data 

;Kirim Data ke LCD 

;Huruf sudah habis ? 

;LCD Control Data 

;Cursor Home Line I Colom 0 
;LCD Control Instruction 

;Kirim Data ke LCD 
;Cursor Home Line 2 Colom 0 
;LCD Control Instruction 
;Kirim Data ke LCD 



;CekRemote 

CR: MOV 3DH,A 
MOV RO,#30H 

CROI: MOV THO,#O 
MOV TLO,#O 
SETB TRO 

CR02a: JB P3.7,CR02b 
JNB 2IH.0,CR02a 
JMP CR07 

CR02b: JNB P3.7,CR03 
JNB 2IH.0,CR02b 
JMP CR07 

CR03: CLR TRI 
MOV @RO,THO 
INC RO 
CJNE RO,#3DH,CROI 
MOV RO,#3IH 

CR04: MOV A,20H 
RR A 
MOV 20H,A 
CJNE @RO,#4,CROS 
CLR 20H.7 
JMP CR06 

CROS: CJNE @R0,#7,CR07 
SETB 20H.7 

CR06: INC RO 
CJNE RO,#39H,CR04 
MOV A,3DH 
RET 

CR07: CLR 21H.0 
MOV 20H,#O 
MOV A,3DH 
RET 

; Cek Kondisi Relay 

CKR: ACALL DIOOmS 
MOV A,P2 
ANL A,#38H 
CJNE A,#OOH,CKRI 
MOV A,#087H 
ACALL LCI 
MOV R4,#2DH 
MOV A,#2DH 
ACALL LCD 
MOV P3,#OC4H 
RET 

CKRI: CJNE A,#08H,CKR2 
ACALL SAl 
RET 

CKR2: CJNE A,#IOH,CKR3 
ACALL SA2 

;Aktitkan Timer 0 
;Hitung peri ode (1..0) 
;TimerO overllow? 

;Hitung periode (HI) 
;Timer 0 overllow? 

;Matikan Timer 0 

;LogicO? 

;Logic I? 

;Kode Remote tidak sesuai 

;Delay 100 mS 
;Cek kondisi relay 
;AND dengan 00 III 000 
Semua relay oft'? 
;Cursor Home Line I Colom 7 
;LCD Control Instruction 
;ASCIl-
;ASCIl-
;LCD Control Data 

;Hanya relay I yang on? 
;Select Audio I 

;Hanya relay 2 yang on? 
;Select Audio 2 



RET 
CKR3: CINE A,#20H,EscCKR 

ACALL SAY 
EscCKR: RET 

, 
; Cek Tombol Remote yang Ditekan 

CTRYD: MOV A,20H 
MOV 20H,#O 
CINE A,#80H, T2 
JNB P2.3,EscTl 

SAl: MOV A,#087H 
ACALL LCI 
MOV R4,#3IH 
MOV A,#3lH 
ACALL LCD 
MOV P3,#OCIH 

EscTl: RET 

T2: CINE A,#81H,T3 
JNB P2.4,EscT2 

SA2: MOV A,#087H 
ACALL LCI 
MOV R4,#32H 
MOV A,#32H 
ACALL LCD 
MOV P3,#OC2H 

EscT2: RET 

T3: CJNE A,#82H,T4 
JNB P2.5,EscT3 

SA V: MOV A,#087H 
ACALL LCI 
MOV R4,#33H 
MOV A,#33H 
ACALL LCD 
MOV P3,#OBCH 

EscT3: RET 

T4: CJNE A,#83H,TS 
CPL P2.3 
ACALL CKR 
RET 

TS CINE A,#84H,T6 
CPL P2.4 
ACALL CKR 
RET 

T6: CINE A,#8SH,TPower 
CPL P2.S 
ACALL CKR 
RET 

;Hanya relay 3 yang on? 
;Select Audio Video 

;Tomboll ditekan? 
;Relay I Oft'? 
;Cursor Home Line J Colom 7 
;LCD Control Instruction 
;ASCll I 
;ASClll 
;LCD Control Data 

Tombol 2 ditekan? 
Relay 2 Oft'? 
Cursor Home Line I Colom 7 
LCD Control Instruction 
ASCll2 
ASCll2 
LCD Control Data 

Tombol3 ditekan? 
Relay 3 Oft'? 
Cursor Home Line I Colom 7 
LCD Control Instruction 
ASCll3 
ASCll3 
LCD Control Data 

Tombol 4 ditekan? 
OniOffRelay I 
Cek Kondisi Relay 

Tombol 5 ditekan? 
OniOffRelay 2 
Cek Kondisi Relay 

Tombol 6 ditekan? 
OniOffRelay 3 
Cek Kondisi Relay 

TPower: CJNE A,#9SH,EscCTRYD ;Tombol POWER ditekan? 
MOV A,P2 
ORL A,#OC7H 
MOV R2,A 
MOV A,P3 



ORL A,#080H 
MOV R3,A 
ACALL DC 
MOV P2,#OC7H 
MOV P3,#OC4H 

TPowerO 1 : JB P3. 7,$ 
ACALL CR 
MOV A,20H 
CJNE A,#95H, TPowerO 1 
MOV 20H.,#O 
ACALL DlOOmS 
MOV P2,R2 
MOV P3,R3 
ACALL TA 
ACALL CS 
MOV A,#087H 
ACALL LCI 
MOV A,R4 
ACALL LCD 

EscCTRYD: RET 

, 
; Enable Pulse InstnJction 
, 
EPI02: ANL A,#OFOH 

ORL A,#OOCH 
MOV Pl,A 
ANL A,#OF8H 
MOV Pl,A 
MOV R7,#40 
DJNZ R7,$ 
RET 

, 
; LCD Control Instruction 

LCI02: MOV R5,A 
ACALL EPI02 
MOV A,R5 
SWAP A 
ACALL EPI02 
RET 

Cek Sinyal 
,_._---
SOff: 

SOn: 

MOV A,#46H 
ACALL LCD 
MOV A,#46H 
ACALL LCD 
RET 
MOV A,#4EH 
ACALL LCD 
MOV A,#20H 
ACALL LCD 
RET 

Relay Off 
Analog Multiplekser Off 
Remote ditekan? 
CekRemote 

Tombol POWER ditekan? 

Delay 100 mS 

Tampilan Awal 
Cek Sinyal 
CUTSor Home Line 1 Colom 7 
LCD Control Instruction 

LCD Control Data 

;4 Bit 
Enable High, Instruction Input 

Enable Low, Instruction Input 

Delay 40 uS 

Ambil4 Bit (D7 .. D4) 
Enable Pulse Instruction 

Ambil 4 Bit (D3 .. DO) 
Enable Pulse Instruction 

ASCII F (Sinyal off) 
LCD Control Data 
ASCII F (Sinyal off) 
LCD Control Data 

ASCII N (Sinyal on) 
LCD Control Data 
ASCII spasi (Sinyal off) 
LCD Control Data 



CS: MOV A,#OC4H ;Cursor Home Line 2 Colom 4 
ACALL LCI02 ;LCD Control Instruction 
m P2.0,CSAlon 
ACALL SOff ;(Sinyal oft) 
IMP CSA2 

CSAlon: ACALL sOn ;(Sinyal on) 
CSA2: MOV A,#OCEH ;Cursor Home Line 2 Colom 14 

ACALL LCI02 ;LCD Control Instruction 
m P2.I,CSA2on 
ACALL SOff ;(Sinyal oft) 
JMP CSAV 

CSA2on: ACALL SOn ;(Sinyal on) 
CSAV: MOV A,#08EH ;Cursor Home Line I Colom 14 

ACALL LCI02 ;LCD Control Instruction 
JB P2.2,CSAVon 
ACALL SOff ;(Sinval oft) 
RET 

CSAVon: ACALL SOn ;(Sinyal on) 
RET 

; Main Program 

START: MOV P2,#OC7H ;Re\ayOff 
MOV R4,#2DH ;ASCII-
MOV TMOD,#OIH ;Timer 0 mode I 
MOV IE,#82H ;Inisialisasi Interrupt 
ACALL IL4B ;Inisialisasi LCD 4 Bit 

MPOO: m P3.7,$ ;Remote ditekan? 
ACALL CR ;CekRemote 
MOV A,20H 
CINE A,#95H,MPOO ;Tomboi POWER ditekan7 
MOV 20H,#0 
ACALL DIOOmS ;Delay 100 mS 
ACALL TA ;Tampilan Awal 
ACALL CS ;Cek Sinyal 
MOV A,P2 
ANL A,#07H 
MOV Rl,A 

MPOI: MOV A,20H 
JNZ MP02 ;Ada data remote yang masuk? 
MOV A,P2 
ANL A,#07H 
CINE A,1H,MP03 ;Ada perubahan sinyal? 
JB P3.7,MPOI ;Remote ditekan? 
ACALL CR ;CekRemote 
JMP MPOI 

MP02: ACALL CTRYD ;Cek Tombol Remote yang Ditekan 
MOV A,P2 
ANL A,#07H 
MOV RI,A 
JMP MPOI 

MP03: MOV RI,A 
ACALL CS ;Cek Sinyal 
IMP MPOI 
END 



Features 
• Compatible with MCS-51™ Products 
• 4K Bytes of In-System Reprogrammab/e Flash Memory 

- Endurance: 1,000 Write/Erase Cycles 
• Fully Static Operation: 0 Hz to 24 MHz 
• Three-Level Program Memory Lock 
• 128 x 8-Bit Internal RAM 
• 32 Programm::ble UO Lines 
• Two 16-Bit Timer/Counters 

Six Interrupt Sources 
• Programmable Serial Channel 
• Low Power Idle and Power Down Modes 

Description 
The ATB9C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K 
bytes of Flash Programmable and Erasable Read Only Memory (PEROM). The 
device is manufactured using Atmel's high density nonvolatile memory technology 
and is compatible with the industry standard MGS-S1 1M instruction set and pinout. The 
on-chip Flash allows the program memory to be reprogrammed in-system or by a con­
ventional nonvolatile memory programmer. By combining a versatile B-bit CPU with 
Flash on a monolithic chip, the Atmel ATB9CS1 is a powerful microcomputer which 
provides a highly flexible and cost effective solution to many embedded control appli-

cations. (continued) 
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ock Diagram 
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--------------AT89C51 
The AT89C51 provides the following standard features: 4K 
bytes of Flash, 128 bytes of RAM, 32 110 Jines, two 16-bit 
timer/counters, a five vector two-Jevel interrupt architecture, 
a full duplex serial port, on-chip oscillator and clock cir­
cuitry. In addition, the AT89C51 is designed with static logic 
for operation down to zero frequency and supports two 
software selectable power saving modes. The Idle Mode 
stops the CPU while allowing the RAM, timer/counters, 
serial port and interrupt system to continue functioning. The 
:>ower Down Mode saves the RAM contents but freezes 
he oscillator disabling all other chip functions until the next 
lardware reset. 

flin Description 
Icc 
)upply voltage. 

;NO 
;round. 

IortO 
'ort 0 is an 8-bit open drain bidirectional 110 port. As an 
,utput port each pin can sink eight TTL inputs. When 1 s 
Ire written to port 0 pins, the pins can be used as high­
npedance inputs. 

'ort 0 may also be configured to be the multiplexed low­
rder address/data bus during accesses to extemal pro­
ram and data memory. In this mode PO has internal pul­
Ips. 

'ort 0 also receives the code bytes during Flash program­
ling, and outputs the code bytes during program verifics­
on. External pullups are required during program verifica­
:>n. 

ort 1 
ort 1 is an 8-bit bidirectional 110 port with intemal pullups. 
he Port 1 output buffers can sink/source four TTL inputs. 
(hen 1 s are writien to Port 1 pins they are pulled high by 
Ie internal puJlups and can be used as inputs. As inputs, 
art 1 pins that are externally being pulled low will source 
Jrrenl (I,J because of the internal pullups. 

art 1 also receives the low-order address bytes during 
,ash programming and verification. 

i>rt2 
:>rt 2 is an 8-bit bidirectional I/O port with internal pullups. 
1e Port 2 output buffers can sink/source four TTL inputs. 
'hen 1s are written to Port 2 pins they are pulled high by 
e internal pullups and can be used as inputs. As inputs, 
)rt 2 pins that are externally being pulled low will source 
Irrent (I,J because of the internal pullups. 

)rt 2 emits the high-order address byte during fetches 
)m external program memory and during accesses to 
:temal data memory that use 16-bit addresses (MOVX @ 
:>TR). In this application it uses strong internal pullups 

when emitting 1s. During accesses to external data mem­
ory that use 8-bit addresses (MOv)( @ RI), Port 2 emits the 
contents of the P2 Special Function Register. 

Port 2 also receives the high-order address bits and some 
control Signals during Flash programming and verification. 

Port 3 
Port 3 is an 8-bit bidirectional 110 port with internal pullups. 
The Port 3 output buffers can sink/source four "TTL inputs. 
When 1s are written to Port 3 pins they are pulled high by 
the internal pullups and can be used as inputs. As inputs, 
Port 3 pins that are externally being pulled low will source 
current (I,l) because of the pullups. 

Port 3 also serves the functions of various special features 
of the AT89C51 as listed below: 

Port Pin Alternate Functions 

P3.0 RXD (serial input port) 

P3.1 TXD (serial output port) 

P3.2 INTO (external interrupt 0) 

P3.3 INT1 (external interrupt 1) 

P3.4 TO (timer 0 external input) 

P3.5 T1 (timer 1 external input) 

P3.6 WR (external data memory write strobe) 

P3.7 RD (external data memory read strobe) 

Port 3 also receives some control Signals for Flash pro­
gramming and verification. 

RST 
Reset input. A high on this pin for two machine cycles while 
the oscillator is running resets the device. 

ALEIPROG 
Address Latch Enable output pulse for latching the low byte 
of the address during accesses to external memory. This 
pin is also the program pulse input (PROG) during Flash 
programming. 

In normal operation ALE is emitted at a constant rate of 1/6 
the oscillator frequency, and may be used for external tim­
ing or clocking purposes. Note, however, that one ALE 
pulse is skipped during each access to external Data Mem­
ory. 
If desired, ALE operation can be disabled by setting bit 0 of 
SFR location 8EH. With the bit set, ALE is active only dur­
ing a MOVX or MOVC instruction. Otherwise, the pin is 
weakly pulled high. Setting the ALE-disable bit has no 
effect if the microcontroller is in external execution mode. 

PSEN 
Program Store Enable is the read strobe to external pro­
gram memory. 
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AlmEl 
When the AT89CS1 is executing code from external pro­
gram memory, PSEN is activated twice each machine 

cycle, except that two PSEN activations are skipped during 
each access to external data memory. 

EANpp 

External Access Enable. EA must be strapped to GND in 
order to enable the device to fetch code from external pro­
gram memory locations starting at OOOOH up to FFFFH. 
Note, however, that if lock bit 1 is programmed, EA will be 
internally latched on reset. 

EA should be strapped to Vee for internal program execu­
tions. 

This pin also receives the 12-volt programming enable volt­
age (Vpp) during Flash programming, for parts that require 
12-volt Vpp. 

XTAL1 
Input to the inverting oscillator amplifier and input to the 
internal clock operating circuit. 

XTAL2 
Output from the inverting oscillator amplifier. 

Oscillator Characteristics 
XTAL 1 and XTAL2 are the input and output, respectively, 
of an inverting amplifier which can be configured for use as 
an on-chip oscillator, as shown in Figure 1. Either a quartz 
crystal or ceramic resonator may be used. To drive the 
:levice from an external dock source, XTAL2 should be left 
Jnconnected while XTAL 1 is driven as shown in Figure 2. 
There are no requirements on the duty cycle of the external 
::lock signal, since the input to the internal dOCking circuitry 
s through a divide-by-two flip-flop, but minimum and maxi­
num voltage high and low time specifications must be 
lbserved. 

die Mode 
n idle mode, the CPU puts itself to sleep while all the on­
:hip peripherals remain active. The mode is invoked by 
oftware. The content of the on-chip RAM and all the spe­
ial functions registers remain unchanged during this 
lode. The idle mode can be terminated by any enabled 
ltennJpt or by a hardware reset. 

It should be noted .that when idle is terminated by a hard 
ware reset, the device normally resumes program execu­
tion, from where it left off, up to two machine cydes before 
the internal reset algorithm takes control.. On-chip hardware 
inhibits access to internal RAM in this event, but access to 
the port pins is not inhibited. To eliminate the possibility of 
an unexpected write to a port pin when Idle is terminated by 
reset, the instruction following the one that invokes Idle 
should not be one that writes to a port pin or to external 
memory. 

Figure 1. Oscillator Connections 

C2 
XTAL2 

o 
XTAL1 

GND 

Note: C1, C2 = 30 pF ± 10 pF for Crystals 
= 40 pF ± 10 pF for Ceramic Resonators 

Figure 2. External Clock Drive Configuration 

NC 

EXTERNAL 
OSCILLATOR ----J 

SIGNAL 

1 
" 

XTAL2 

XTAl1 

GND 

aatus of External Pins During Idle and Power Down Modes 
Mode Program Memory I ALE PSEN I PORTO I PORT1 PORT2 PORT3 

Idle Internal 1 1 Data Data Data Data 

Idle External 1 1 Float Data Address Data 

PowerDown Internal 0 0 Data Data Data Data 

0 0 
I 

Float Data Data Data PowerDown External , 
I 
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Power Down Mode 
In the power down mode the oscillator is stopped, and the 
instruction that invokes power down is the last instruction 
executed. The on-chip RAM and Special Function Regis­
ters retain their values until the power down mode is termi­
nated. The only exit from power down is a hardware reset. 
Reset redefines the SFRs but does not change the on-chip 
RAM. The reset should not be activated before Vee is 
restored to its normal operating level and must be held 
active long enough to allow the oscillator to restart and sta­
~ilize. 

Lock Bit Protection Modes 

Program Lock Bits Protection Type 

LB1 LB2 LB3 

1 U U U No program lock features. 

Program Memory Lock Bits 
On the chip are three lock bits which can be left unpro­
grammed (U) or can be programmed (P) to obtain the addi­
tional features listed in the table below: 

When lock bit 1 is programmed, the logic level at the EA pin 
is sampled and latched during reset. If the device is pow­
ered up without a reset, the latch initializes to a random 
value, and holds that value until reset is activated. It is nec­
essary that the latched value of EA be in agreement with 
the current logic level at that pin in order for the device to 
function properly. 

2 P U U MOVe instructions executed from external program memory are disabled from fetching code 
bytes from internal memory. EA is sampled and latched on reset, and further programming of the 
Flash is disabled. 

3 P P U Same as mode 2, also verify is disabled. 

4 P P P Same as mode 3, also external execution is disabled. 

'rogramming the Flash 
'he AT89C51 is normally shipped with the on-chip Flash 
,emory array in the erased state (that is, contents = FFH) 
nd ready to be programmed. The programming interface 
ccepts either a high-voltage (12-volt) or a low-voltage 
Vcel program enable signal. The low voltage program­
ling mode provides a convenient way to program the 
,T89C51 inside the user's system. while the high-voltage 
rogramming mode is compatible with conventional third 
arty Flash or EPROM programmers. 

he AT89C51 is shipped with either the high-voltage or 
Iw-voltage programming mode enabled. The respective 
!p-side marking and device signature codes are listed in 
Ie following table 

Vpp=12V Vpp = 5V 

Top-Side Mark AT89CS1 AT89CS1 

xxxx xxxx-S 

Yf'NW Yf'NW 

Signature (030H)=1EH (030H)=1EH 

(031H)=S1H (031H)=S1H 

(032H)=FFH (032H)=OSH 

'16 AT89C51 code memory array is programmed byte-by­
(Ie in either programming mode. To program any non­
'ank byte in the on-chip F/ash Memory, the entire memory 
'ust be erased using the Chip Erase Mode. 

Programming Algorithm: Before programming the 
AT89C51, the address, data and control Signals should be 
set up according to the Flash programming mode table and 
Figures 3 and 4. To program the AT89C51, take the follow­
ing steps. 
1. Input the desired memory location on the address 

lines. 
2. Input the appropriate data byte on the data lines. 
3. Activate the correct combination of control signals. 

4. Raise EAlVpp to 12V for the high-voltage programming 
mode. 

5. Pulse ALEIPROG once to program a byte in the Flash 
array or the lock bits. The byte-write cycle is self-timed 
and typically takes no more than 1.5 ms. Repeat steps 
1 through 5, changing the address and data for the 
entire array or until the end of the object file is reached. 

Data Polling: The AT89C51 features Data Polling to indi­
cate the end of a write cycle. During a write cycle, an 
attempted read of the last byte written will result in the com­
plement ofthe written datum on PO.? Once the write cyde 
has been completed, true data are valid on all outputs, and 
the next cycle may begin. Data Polling may begin any time 
after a write cycle has been initiated. 
Ready/Busy: The progress of byte programming can also 
be monitored by the RDYIBSY output signal. P3.4 is pulled 
low after ALE goes high during programming to indicate 
BUSY. P3.4 is pulled high again when programming is 
done to indicate READY. 
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Program Verify: If lock bits LB1 and LB2 have not been 
programmed, the programmed code data can be read back 
via the address and data lines for verification. The lock bits 
cannot be verified directly. Verification of the lock bits is 
achieved by observing that their features are enabled. 

Chip Erase: The entire Flash array is erased electrically 
by using the proper combination of control signals and by 
holding ALEIPROG low for 10 ms. The code array is written 
with all "1"s. The chip erase operation must be executed 
before the code memory can be re-programmed. 

Reading the Signature Bytes: The signature bytes are 
read by the same procedure as a normal verification of 
locations 030H, 

031H. and 032H, except that P3.6 and P3.7 must be pulled 
to a logic low. The values retumed are as follows. 

(030H) = 1 EH indicates manufactured by Atmel 
(031H) '" 51H indicates 89C51 
(032H) = FFH indicates 12V programming 
(032H) = 05H indicates 5V programming 

Programming Interface 
Every code byte in the Flash array can be written and the 
entire array can be erased by using the appropriate combi­
nation of control signals. The write operation cycle is self­
timed and once initiated, will automatically time itself to 
completion. 

All major programming vendors offer worldwide support for 
the Atmel microcontroller series. Please contact your local 
programming vendor for the appropriate software revision. 

Flash Programming Modes 
Mode RST PSEN I AlElPROG EANpp P2.6 P2.7 P3.6 P3.7 

Write Code Data H L H/12V L H H H 
~ 

Read Code Data H L I H H L l H , H 

Write Lock Bit - 1 H L H/12V H H H H 
~ 

Bit - 2 H L Hl12V H H L L 

~ 

Bit- 3 H l Hl12V H L H L 
~ 

Chip Erase H L 

! 
(1 ) H/12V H L L L 

~ 

Read Signature Byte H L H H L L L L 

IIote. 1. ChiP Erase requires a 10-ms PROG pulse. 
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Figure 3. Programming the Flash Figure 4. Verifying the Flash 

+5V 
AT89C51 

ADDR. PI vee ADDR. 
OOOOHlOFFFH PGM OOOOH/OFFFH 

P2.0 • P2.3 PO DATA 

P2.6 

P2.7 AlE PROG 

P3.6 

P3.7 

XTAL2 EA VIHNPf> 

1 3-24 MHz 3-24 MHzl 

CJ CJ 
T 

-'-

XTAll RST 
I 

VII< 

GND PSEN 

Flash Programming and Verification Characteristics 
r A = O·C to 70·C, Vcc = 5.0 ± 10% 

Symbol Parameter I Min 
Vpp(l) Programming Enable libltage 11.5 

Ipp(l) Programming Enable Current 

l/tcLCL Oscillator Frequency 3 

IAI/GL Address Setup to PROG Low 48tclCl 

~HAX Address Hold After PROG I 48hcl 

tD./GL Data Setup to PROG Low 48tcLCL 

~HDX Data Hold After PROG 48tcLCL 

teHSH P2.7 (ENABLE) High 10 Vpp 48tcLCL 

ISHGL Vpp Setup to PROG Low 10 

~HSL(I) Vpp Hold After PROG 10 

toLGH PROGWidth 1 

tAVQV Address to Data Valid 

IELQV ENABLE Low to Data Valid 

IEHOZ Data Float After ENABLE 0 

GHBL PROG High to BUSY Low 

:wc Byte Write Cycle Time 

lie: 1. Only used in 12-volt programming mode. 

AIEL 
p 

AT89C51 

Pl Vcr; 

P2.0 • P2.3 PO 

P2.S 

P2.7 AlE 

P3.6 

P3.7 

XTAL2 EA 

XTAL1 RST 

GND PSEN 

Max 

12.5 

1.0 

24 

110 

48tcLCL 

48 tcLCL 

48tCLCL 

1.0 

2.0 

+5V 

V'M 

Units 
i 

V 

rnA 

MHz 

I 

j.lS 

j.ls 

j.ls 

j.lS 

, ms 
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Flash Programming and Verification Waveforms - High Voltage Mode (Vpp = 12V) 

P1.0 - P1.7 
P2.0 - P2.3 

PORT 0 

ALEIPROG 

EANpp 

P2.7 
(ENABLE) 

P3L 
(RDY/BSY) 

tAVGl 

tSHGL 

L 

------------
---. 

/ 

PROGRAMMING VERIFICATION 

ADDRESS ADDRESS 

--0 -tAVQV 
I 

DATA IN DATA OUT 

F lovGL '<>HDX ..--. 
'<>HAX 

"- / 

~'<>LGH--' '<>HSL 

___ ~f ________ 
----- N..OGIC 1 

--------------_______ 1".QGJQ_c --------- --------. 

-leHSH 
tELQv=::1 ----- !+- tEHOZ 

/ 

lruiSl .--. l- I 

BUSY READY 

\we 

Flash Programming and Verification Waveforms -low Voltage Mode (Vpp = 5V) 

P1.0 - P1.7 
P2.0 - P2.3 

36 

PORT 0 

ALEIPROG 

EANpp 

P2.7 
(ENABLE) 

P3.4 
(RDY/BSY) 

PROGRAMMING VERIFICATION 

ADDRESS ADDRESS 

--- I-- tAVQV 

.1 
DATA IN DATA OUT 

tA\IGL 
I- t!1llGL '<>HDX ~ 

'<>HAX 

'\ / 
tSHGL I+-~GH-

LOGIC 1 
/////////////. ------------ ______ t...O_GJQ_O_ f--------- --------- -leHSH 

tELOV--o 1-- I-leHOZ 

/ "- V 
lruiSl- I-

BUSY READY 

lwc---" 
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Absolute Maximum Ratings* 

Operating Temperature .................................. -55·C to +125·C 

Storage Temperature ..................................... -65·C to +150·C 

Voltage on Any Pin 
with Respect to Ground ..................................... -1.0V to +7.0V 

Maximum Operating Voltage ............................................. 6.6V 

DC Output Curren!... ................................................... 15.0 mA 

DC Characteristics 
r A = -40·C to 8S·C, Vcc = :.OV ± 20% (unless otherwise noted) 

Symbol Parameter Condition 

VIL Input Low \bItage (Except EA) 

VILl Input Low IAlftage (EA) 

·NOTICE: Stresses beyond those listed under "Absolute 
Maximum Ratings' may cause permanent dam­
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 

Min Max Units 

-0.5 0.2 Vee- 0.1 V 

-0.5 0.2 Vee-0.3 V 

VIH Input High IAlltage (Except XTAL 1. RST) 0.2 Vee + 0.9 Vee + 0.5 V 

VlHl Input High Voltage (XTAL 1. RST) 0.7 Vee Vee + 0.5 V 

VOl Output Low VoItage(l) (Ports 1.2.3) 10l = 1.6 rnA 0.45 V 

VOl.1 Output Low VoItage11) lot. = 32 rnA 0.45 V 
(Port O. ALE. PSEN) 

VOH Output High Voltage IOH = -60 jIA, Vee = 5V ± 10% 2.4 V 
(Ports 1.2,3. ALE •. PSEN) 

10H =-25 /lA 0.75 Vee V 

10H =-10 /lA 0.9 Vee V 

VOHl Output High Voltage IOH = -600 jIA, Vee = 5V ± 10% 2.4 V 
(Port 0 in External Bus Mode) 

IOH = -300 /lA 0.75 Vee V 

IOH=-60 /lA 0.9 Vee V 

IL Logical 0 Input Current (Ports 1.2.3) VIN =0.45V -50 I1A 

TL Logical 1 to 0 T",nsition Current VIN = 2V, VCC = 5V ± 10% -650 I1A 
(Ports 1.2.3) 

u Input Leakage Current (Port O. EA) 0.45 < VIN < Vee ±10 I1A 

!RST Reset Pulldown Resistor 50 300 K!l 

:10 Pin Capacitance Test Freq. = 1 MHz, TA = 2S"C 10 pF 

:e Power Supply Current Active Mode. 12 MHz 20 rnA 

tdle Mode. 12 MHz 5 rnA 

Power Down Mode(2) Vcc =6V 100 I1A 

Vee =3V 40 /lA 

tes: 1. Under steady state (non-transient) conditions. IOL must be externally limited as follows: 
Maximum IOL per port pin: 10 mA 
Maximum 10L per 8-bit port: Port 0: 26 mA 

Ports 1.2.3: 15 mA 
Maximum totallOL for all output pins: 71 mA 
If IOL exceeds the test condition. VOL may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions. 

2. Minimum Vee for Power Down is 2V. 
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AC Characteristics 
(Under Operating Conditions; Load Capacitance for Port O. ALEJPROG. and PSEN = 100 pF; Load Capacitance for all other 
outputs = 80 pF) 

External Program and Data Memory Characteristics 

Symbol Parameter 12 MHz OscjJ/ator 16 to 24 MHz Osci/fator Units 

Min Max Min Max 

111cLCL Oscillator Frequency 0 24 MHz 

tLHLL ALE Pulse Width 127 2tcLCL-40 ns 

tAVLL Address Valid to ALE Low 43 IcLCL-13 ns 

tUAX Address Hold After ALE Low 48 IcLCL-20 ns 

twv ALE Low to Valid Instruction In 233 4IcLCL-B5 ns 

tLLPL ALE Low to PSEN Low 43 IcLCL-13 ns 

tpLPH PSEN Puise Width 205 3tCLCL-20 ns 

tpuv PSEN low to Valid Instruction In 145 31cLcL-45 ns 

tpXIX Input Instruction Hold After PSEN 0 0 ns 

tpXlZ Input Instruction Float After PSEN 59 IcLCL-10 ns 

tpXAv PSEN to Address Valid 75 tCLCL-B ns 

tAVlv Address to Valid Instruction In 312 51cLcL-55 ns 

tpLAZ PSEN low to Address Float 10 10 ns 

tRLRH RD Pulse Width 400 BIcLCL-100 ns 

IWLWH WR Pulse Width 400 6fcLCL-100 ns 

:RLlN RD low to Valid Data In 252 51cLCL-90 ns 

RHDX Data Hold After RD 0 0 ns 

RHDZ Data Float After RD 97 2tcLCL-28 os 

LLOV ALE low to Valid Data In 517 8tCLCL -150 ns 

"'0.1 Address to Valid Data In 585 9fcLCL-165 ns 

.lWL ALE low to RD or WR low 200 300 3tcLCL-50 31cLCL+50 ns 

\VWL Address to RD or WR Low 203 41cLCL-75 ns 

IVWX Data Valid to WR Transition 23 IcLCL-20 ns 

IVWH Data Valid to WR High 433 7tcLCL-120 ns 

iHQ)( Data Hold After WR 33 tcLCL-20 ns 

LAZ RD low to Address Float 0 0 ns 

'HLH RD or WR High to ALE High 43 123 tcLCL-20 tcLCL +25 os 
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External Program Memory Read Cycle 

f4--- tLHU --

ALE "---
tAVlL 

--t lttPL f.-
"-
-. f.-~ 

Wx 

PORTO >- AO-A7 

'AVIV 

PORT 2 AS - A15 

External Data Memory Read Cycle 

ALE 

PORT 0 

~-- 'LlIl\I --+/ 

AO - A7 FROM RI OR OPl 

\4-c----- 'AVWL ---+/ 

~---- 'AVUII 

ltuv 
tpLPH 

tPLIV V 

I-tpXAv-t 

tpXIZ 

tpXIX-' I-
INSTRIN ~> f- AO - A7 

AS - A15 

PORT 2 P2.0 - P2.7 OR AS - A15 FROM OPH AS - A15 FROM PCH 
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External Data Memory Write Cycle 

r:=. tLHLL---. 

ALE 
-. I----- IwHLH 

I-- tLLWL tWLWH --. 

I--tUAJ(_ 

I4--tAVLL-
tovwx - I-- -- I-- tWHQX 

~l-taVWH-

PORT 0 =>- AD - A7 FROM RI OR DPL DATA OUT R AD - A7 FROM PCl INSTR IN 

t .. VWl 

PORT 2 
---., - P2.D - P2.7 OR A6 - A15 FROM DPH A8 - A15 FROM PCH 

External Clock Drive Waveforms 

1+--- IcHcx --+I 

0.7 Vee 

0.45V 

IcLcx 

Iclcl -------1 

:xternal Clock Drive 

Symbol Parameter Min Max Units 

1ftct.cl Oscillator Frequency 0 24 MHz 

ict.Cl Clock Period 41.6 ns 

<:HCX High Time 15 ns 

ClCX low Time 15 ns 

ClCH Rise Time 20 ns 

CHCl Fall Time 20 ns 
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Serial Port Timing: Shift Register Mode Test Conditions 
(Vee = 5.0 V ± 20%; Load Capacitance = 80 pF) 

Symbol Parameter 

tXLXL Serial Port Clock Cycle Time 

tQVXH Output Data Setup to Clock Rising Edge 

tXHOX Output Data Hold After Clock Rising Edge 

tXHDX Input Data Hold After Clock Rising Edge 

tXHCN CIocI< Rising Edge to Input Data Valid 

Shift Register Mode Timing Waveforms 

INSTRUCTION 
ALE 

CLOCK 

JWRITE TO SBUF, 

'+' 
OUTPUT DATA 

, CLEARRI , 

'" INPUT DATA 

~C Testing Input/Output Waveforms(1) 

Vee - 0.5V 

0.45V 

0.2 Vee + O.9V 

TEST POINTS 

0.2 Vee - 0.1V 

12 MHzOsc Variable Oscillator Units 

Min 

1.0 

700 

50 

0 

Max Min Max 

12tcLCL 

lOtcLCL-133 

2lct.CL -117 

0 

700 1 OtcLCL -133 

3 ~ 6 >C..i.J 
SETn t 

Float Waveforms(1) 

VLOAD ----< 
V LOAD- O.1V 

liS 

ns 

ns 

ns 

ns 

Ite: 1. AC Inputs dUring testing are driven at Vee - O.SV for Note: 1. For timing purposes, a port pin is no longer floating 
when a 100 mV change from load voltage occurs. A 
port pin begins to float when 100 mV change from 
the loaded VOtIVOL level occurs. 

a logic 1 and O.4SV for a logic O. TIming measure-
ments are made at V1H min. for a logic 1 and V1L 
max. for a logic O. 
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Ordering Information 

Speed Power I (MHz) Supply Ordering Code Package Operation Range 

12 5V±20% AT89C51-12AC 44A Commercial 

AT89C51-12JC 44J (O°C to 70°C) 

AT89C51-12PC 40P6 
,. 

AT89C51-120C 440 

AT89C51-12A1 44A Industrial 

ATB9C51-12J\ 44J (-40°C to 85°C) 

AT89C51-12PI 40P6 

ATB9C51-1201 440 

AT89C51-12AA 44A Automotive 

AT89C51-12JA 44J (-40°C to 105°C) 

AT89C51-12PA 40P6 

I AT89C51-12QA 44Q 

16 5V±20% AT89C51-16AC 44A Commercial I AT89C51-16JC 44J (O°C to 70°C) 

AT89C51-16PC 40P6 
I 

AT89C51-16QC 440 

AT89C51-16A1 44A tndustrial 

AT89C51-16J1 44J (-40°C to B5°C) 

AT89C51-16PI 40P6 

AT89C51-16QI 440 

AT89C51-16AA 44A Automotive 

AT89C51-16JA 44J (-40·C to 105°C) 

AT89C51-16PA 40P6 

AT89C51-16QA 440 

20 5V±20% AT89C51-20AC 44A Commercial 

AT89C51-2OJC 44J (O°C to 70°C) 

ATB9C51-20PC 4OP6 

AT89CSl-2OQC 440 

AT89C51-20AI 44A Industrial 

AT89C51-2OJI 44J (-40°C to 85°C) 

ATB9C51-20PI 40P6 

ATB9C51-2001 44Q 

AT89C51 
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Ordering Information 

Speed Power 

I I (MHz) Supply Ordering Code Package Operation Range 

24 SV±20% AT89CS1-24AC 44A Commercial 

AT89CS1-24JC 44J (O°C to 700C) 

AT89CS1-24PC 44P6 

AT89CS1-24QC 44Q 

AT89CS1-24AI 44A Industrial 

AT89CS1-24JI 44J (· .. WC 10 8S°C) 

AT89CS1-24PI 44P6 

I AT89CS1-24QI 44Q 

f Package Type 

! 44A 44 Lead, Thin Plastic Gull Wing Quad Flalpack (TQFP) 

44J 44 Lead, Plastic J-Leaded Chip Carrier (PLCC) 

4OP6 40 Lead, 0.600· Wide, Plastic Duallnline Package (PDIP) 

44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP) 
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F=AIRCHILD 
SEMICONOUCTOR1M www.fairchildsemi.com 

LM2904,LM358/LM358A 
Dual Operational Amplifier 

Features 
• Internally frequency compensated for unity gain 
• LaJge DC voltage gain: ) 00dB 
• Wide power supply nmge: 

LM358/LM358A: 3V-32V (or±I.5V-I6V) 
LM2904: 3V-26V (or±l.5V-13V) 

• Input common-mode voltage range Includes ground 
• LaJge output voltage swing: OV OC to Vee -1.5V DC 
• Power drain suitable for battety operation. 

Internal Block Diagram 

"' 

~ Fairchild Semiconductor International 

Description 
The LM2904,LM3581LM358A consist of four independent, 
high gain. internally frequency compensated operational 
ampliftelS which were designed specifically to operate from 
a single power supply over a wide range of voltage. Opera­
tion from split power supplies is also possible and the low 
power supply current drain is independent of the magnitude 
of the power Supply voltage. Application areas include 
transducer amplifier, DC gain blocks and all the conven­
tional OP amp ciIl:uits which now can be easily implemented 
in single power Supply systems. 

B-OIP 
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LM2904.LM358ILM358A 

Schematic Diagram 
(One section only) 

Absolute Maximum Ratings 

Parameter 

Supply Voltage 

Oifferentiallnput Voltage 

Input Voltage 

Output Short Circuit to GND 
Vcc$<I. TA:: 25 OC(OOe Amp) 

Operating Temperature Range 

Storage Temperature Range 

2 

Symbol 

Vee 

VI(DIFF) 

VI 

-
TOPR 

TSTG 

LM358ILM358A LM2904 Unit 

±16 or 32 ±13 or 26 V 

32 26 V 

-0.3 to +32 -0.3 to +26 V 

Continuous Continuous -
0-+70 -40-+85 °C 

-65-+150 -65 - + 150 °C 



l.M2904,LM358/LM358A 

Electrical Characteristics 
(Vee = 5.0V, VEE = GND, T = 25 °e, unless otherwise specified) 

Parameter Symbol Conditions 
LM358 LM2904 

Unit 
Min. Typ. Max. Min. Typ. Max. 

Input Offset Voltage 
VIO 

VCM= OVto Vee-1.5V - 2.9 7.0 2.9 7.0 mV VO(P) = 1.4V, Rs = 00 -
Input Offset Current 110 - - 5 50 - 5 50 nA 

Input Bias Current ISlAS - - 45 250 - 45 250 nA 

Input Voltage Range 
VI(R) 

Vee = 30V 
0 

Vcc-1.5 
0 

Vcc-1.5 
V 

(LM2904, Vee = 26V) - -
Rt. = 00, Vee = 30V - 0.8 2.0 - 0.8 2.0 rnA Supply Current (LM2902, Vee = 26V) 

lee Rt. = oo,over full 
0.5 1.2 0.5 1.2 rnA 

temperature range - -

Large Signal 
GV 

VCC=15V,~ 
25 100 25 100 - V/mV Voltage Gain VO(P) = 1V to 11V -

Output Voltage VO(H) VCC=30V RL=2KO 26 - - 22 - - V 
Swing Vee = 26V RL=10K0 

for 2904 
27 28 - 23 24 - V 

VO{l) Vee=5V,~10KO - 5 20 5 100 mV 

Common-Mode CMRR 65 80 50 80 dB 
Rejection Ratio 

- - -

Power Supply 
PSRR - 65 100 - 50 100 - dB 

Rejection Ratio 

Channel Separation CS f = 1KHz to 20KHz - 120 - - 120 - dB 

Short Circuit to GND Ise - - 40 60 - 40 60 rnA 

ISOURCE 
VI(+) = 1V, VI(-) = OV 

10 30 
Vee = 15V, VO(P)=2V - 10 30 - rnA 

VI(+) = OV, VI(-) = 1V 10 15 - 10 15 - rnA 
Output Current Vee = 15V, VO{P) = 2V 

ISINK V/(+) = OV, VI(-) = 1V 
Vee'" 15V, 12 100 - - - - JIA 
VO(P) = 200mA 

Differentiallnput 
VI(OIFF) - - - Vee - - Vee V 

Voltage 

3 



LM2904,LM358ILM358A 

Electrical Characteristics 
(Vcc=5.0V, VEE=GND, unless otherwise specified) 
The following specification apply over the range of 0 °C S TA S + 70°C for the LM358 ; and the -40 °C S TA S +85OCforthe 
LM2904 

Parameter Symbol Conditions 
LM358 LM2904 

Unit 
Min. Typ. Max. Min. "lYP· Max. 

Input Offset 
VIO 

VCM =OVtoVCC= 1.5V 
9.0 10.0 mV 

Voltage VO(P) = 1.4V, RS =00 
- - - -

Input Offset 
Voltage INIOll1T Rs=OO - 7.0 - - 7.0 - jlVloC 

Drift 

Input Offset Iro 150 45 200 nA 
Current - - - -

Input Offset 
Current Allo/AT - - 10 - . 10 . pAlOC 
Drift 

Input Bias Current IBIAS - - 40 500 - 40 500 nA 

Input Voltage 
VI(R} 

Vee=30V 
0 

Vcc=2.0 
0 

Vcc=2.0 
V 

Range (lM2904 • VCC = 26V) - -
Large Signal 

VCC = 15V. Rt.<!:2.0I<n 
Voltage GV 

VO(P) = 1V to 11V 
15 - - 15 - - VlmV 

Gain 

Vee=30V RL=2Kn 26 - - 26 - - V 

Output Voltage VO{H) VCC=26V 
RL = 10K!l 27 28 

Swing for 2904 
28 - 27 . V 

VO(L} VCC = 5V. R~10Kn - 5 20 - 5 20 mV 

ISOURCE 
VI(+) = 1V. VI(.) = OV 

10 30 - 10 30 - rnA 
Output Current 

Vee = 15V. VO(P) = 2V 

ISINK 
VI(+) = OV. VI(.) = 1V 

5 9 - 5 9 - rnA 
VCC = 15V. VO(P) = 2V 

Differential Input 
VI(DIFF} Vee Vee V Voltage - - . . -

4 



LM2904,LM358ILMl58A 

Electrical Characteristics 
(Vee = 5.0V. V£E=GNO. TA=25 °C, unless otherwise specified) 

Parameter Symbol Conditions 
LM358A 

Unit 
Min. Typ. Max. 

Input Offset Voltage VIO 
VCM = OVto Vee = 1.5V - 2.0 3.0 mV VO(P) = 1.4V, Rs = on 

Input Offset Current 110 - - 5 30 nA 

Input Bias Current IBIAS - - 45 100 nA 

Input Voltage Range VI(R) Vee=3OV 0 - Vee=1.5 V 

Rt = -,Vee = 30V - 0.8 2.0 rnA 
Supply Current ICC 

RL = _,over full temperature range 0.5 1.2 mA -

Large Signal Voltage Gain Gv Vee = 15V, ~Kn 25 100 - VlmV 
Vo=1Vto11V 

Vee=3OV RL=2Kn 26 - V 

Output Voltage Swing 
VOH 

Vee = 26V for 2904 RL= 10KO 27 28 V -
VO(L) Vee = 5V. ~10Kn - 5 20 mV 

Common-Mode Rejection 
CMRR - 65 85 - dB 

Ratio 

Power Supply Rejection 
PSRR - 65 100 - dB 

Ratio 

Channel Separation CS f = 1KHz to 20KHz - 120 - dB 

Short Circuit to GND Ise - - 40 60 rnA 

'SOURCE 
VI(+) = 1V, VI(-) = OV 20 30 - mA 
Vee = 15V, VO(P) = 2V 

Output Current 
VI(+) = 1V, VI!-) = OV 10 15 - mA 
Vee = 15V. VO(P) = 2V 

ISiNK 
Vin+ = av, Yin - = 1V 12 100 - J1A VO(P) = 200mV 

Differential Input Voltage VI(DlFF) - - - Vee V 

5 



LM2904,LM358/LM358A 

Electrical Characteristics 
(VCC=5.0V, VEE = GND. unless otherwise specified) 
The following specification apply over the range of 0 °c ~ TA ~ +70 °C for the LM358A 

Parameter Symbol Conditions 
Min. 

Input Offset Voltage V,O 
VCM = OVtoVee = 1.5V -
VO(P) = 1.4V. Rs = on 

Input Offset Voltage Drift '!VloIAT - -
Input Offset Current 110 - -
Input Offset Current Drift AlloIAT - -
Input Bias Current IBIAS - -
Input Common-Mode 

VI(R) Vee=30V 0 
Voltage Range 

Vee=30V Rt.=2Kn 26 

Output Voltage Swing 
VO(H) 

Vee = 30V RL= 10Kn 27 

VO(L) Vee = 5V. ~10Kn -
Large Signal Voltage Gain Gv 

Vee=15V.~OKn 
15 

VO(P) = 1V to 11V 

ISOURCE 
VI(+) = 1V, VI(-} = ov 

10 
Output Current 

Vee = 15V, VO(P) = 2V 

ISINK 
VI(+) = 1V, VI(-) = ov 

5 
Vee = 15V, VO(P) = 2V 

Differential Input Voltage VI(DIFF) - -

6 

LM358A 
Unit 

Typ. Max. 

- 5.0 rnV 

7.0 20 11V1 °C 

- 75 nA 

10 300 pAloC 

40 200 nA 

Vcc=2.0 
V -

- - V 

28 - V 

5 20 rnV 

- - VlrnV 

30 - rnA 

9 - rnA 

- Vee V 



tf/National Semiconductor OcIober 1989 

CD4051 BM/CD4051 BC Single a-Channel Analog 
Multiplexer/Demultiplexer 

CD4052BM/CD4052BC Dual4-Channel Analog 
Multiplexer/Demultiplexer 

CD4053BM/CD4053BC Triple 2-Channel Analog 
MultIplexer IDemultlplexer 

General Description 
These analog mul14-,dxms/demultiplexers are digi1aIIy coo­
trolled analog SWitChes having low "ON" ~ and 
very low "OFP' leakage """""'0. Control of analog signals 
up te> 15V p-p can be achieved by digital siQnaI amplitudes of 
3-1SV. For example, ff Voo-5V, Vss-OV and Vee- -SV, 
analog signalS from -SV to + SV can be controlled by digi­
tal inputs of O-SV. The multiplexer drcuits dissipate ex­
tremely low QUiescent power over the full Voo-VSS and 
Voo-Vee supply voltage ranges. independent of the logic 
state of the controt signals. When a Iogicat "1" is present at 
the inhibit input terminal all channels ..... '"QFp'. 

C04051BMlC04051BC is a ~ 8-cI\annel muI1iPIe<er 
having three binary control it1puts. A, B, and C. and an inl'ibK 
input. The ttvee binary signals select 1 of 8 channels 10 be 
turned "ON" and comact the input to the OU1put 

C04052BMlC04052BC is a diffeftln!ial <kIIanne1 multiplex­
er having Iwo binary control inputs, A and S, and an inhibit 
inptJt. The two binary ir)put signals select 1 0< 4 pairs of 
channels to be ltJmed on and connect the differential ana­
fog Inputs to the diite<entiaJ outputs. 

C04053BM/C04053BC is a triple 2-channe1 rooItipIexer 
having three _Ie digital controf it1puts, A, B, and C, and 

Connection Diagrams 

C04051BM/CO<WS1BC 
,.,"IIT 

an nhibit input Each confrot input selects one of a pair of 
channels which are connected in a single-pole double-throw 
configuration. 

Features 
• Wide range of digital and analog signal levels: digital 

3-1SV. anak9 to 15Vp-p 
• Low "ON" resistance: 8011 (typ.) fNer entire 15Vp-p sig­

naI-lnput range for VOO-VEE-15V 

• High "OFP' resistance: chameI leakage of ±10 pA 
(typ.) at Voo-Vee-10V 

• Logic level oonversiOn for digital addressing signalS of 
3-1SV (Voo-Vss -3-15V) to switch analog signals 10 
15 VPi' (Voo-Vee-15V) 

• Matched switch cheract_: ~RoN - sa (typ.) for 
Voo- Vee- 15V 

• Very fow quiescent power dissipation under all digital­
control input and sl4'Plv conditions: 1 v-W (typ.) at 
Voo- VSS-VOO-VEE-10V 

• Binary address decoding on ohip 

CD4053BM/CD4053BC 

TOpvtew 

IIIAIUT 

TOP VIEW 

Order Number CD4051S, CD4052B, or CD4053B 

RRO-i33I)W1W""'*'clInU.S.A. 



Absolute Maximum Ratings Recommended Operating 
H MHilaryl Aerospace opecifIed dev_ ...... reqWed, Conditions 
pIeaM contact the National Semiconductor Sales 

DC Supply VoIlag<I (Voo) +5 Voc to + 15 Voc OffIceIDistrlbuto .. for availability and .,...,mea_. 
DC Supply Voltage (VOO) -O.S Voc to + 18 Voc Input Voltage (V,.., OV to Voo YOC 
Input Yoitage (VIN) -O.S Yoc to Yoo + 0.5 Voc Operating TemperallJ$ RMge (TAl 
Storage T emperalUre Range (T s) -65"C to + 15O'C 4OS1BMI4052BMI4053BM -S5'Cto +125'C 
POW6I" Dissipation (Po) 4051BCI40528CI4053BC - 4O"C to + 8S"C 

DuaJ-In-Une 700mW 
Small Outline 500mW 

Lead Temp. (Tu (soldering. 10 sec.) 260'C 

DC Electrical Characteristics (Note 2) 

Symbol Parameter Conditions -55"C +25" , +125"C Unlta 
MIn Max Mir" Typ j Max 'Min' Max 

100 Outescent Device Cl.m!nt VOO-5V S I I ~ I I ISO p.A 
V:m- 1OV 10 

i~ p.A 
VOO-1SV 20 p.A 

Signallnputa (V,s) and OUtputs (Vos! 

RON "00" RG$iSt8nCe (Peak RL-l0ka Voo~2.5V, 
forVEES;V,SS;VOO) (any channel VEE--2.SV 

BOO 270 1050 1300 selected) orVoo-SV, a 
VEE-OV 

I I 
VOO-5V 
VEE= -5V 

310 120 400 550 a 
I 

orYoo-l0V, 
VEE=OV 

I I Yoo-7.5V, 
1 zoo I I 240 I I Ve=-7.5V 

orVoo-1SV, au 320 a 
VEE-OV 

6RON 6 "ON" Resistance RL -10ka Voo-2.5V, 
Between Any Two (any channel VEE--2.5V 

10 n Chamois selected) Of'"Voo-5V, 
VEE-OV 

VOO-5V, 
VEE- -SV 

10 a orVoo -l0V, 
VEE-OV 

Voo=7.SV, 
VEE--7.5V 5 n 
orVOO-l~V. I I I I 1 I VEE-OV 

"OFP' Channel L-.ge Voo-7.5V, VEE- -7.5V 
Ct.mon~ any channel 011- ±7.5V,1I0-0V olSO olO.OI ol50 ol5OO nA 
"OFP' 

"OFP' 01anne1 Leakage IrI1ibit -7.SV CD4D51 ol200 olO.08 ol200 ol2000 nA 
Ct.mon~ all channels Voo-7.5V, 
"OFP' (common VEE- -7.5V, C04D52 ol200 ±0.04 ±200 ±2000 nA 
OUlIIN) Oll-OV, 

110- ±7.5V CD4053 ol200 olO.02 ±200 ol2000 nA 

Conlrollnputa A, B, C and Inhibit 

V'L lOW l.eveIlnput Voltage VEE-VSS Rl-1kGtoVss 
11S<2".A on all OFF chomeIs 
V'S· Voo ttvu 1 kG 
Voo-5V I.S I.S '.S V 
VOO-l0V 3.0 3.0 3.0 V 
VOO~ISV 4.0 4.0 4.0 V 

V'H High L<Wellnput Voltage Voo-S 3.S 3.S 3.S V 
VOO='O 7 7 7 V 
VOO=15 II 11 11 V 

Note 1: "Ab5oIllIiI ~Uft1UM Ratngs .. .,. f10SII vWuas ~ wNc:t\ the Miety 0I1he ct.viCe CMnOt b8 ptanleed. &capI for ~Iing T.,..,...I,-" RIngeN 
&hey ate nol mHIIl 10 imply lhllI the deYices shOUld be operaled a' .,.... ii'nds.. The. \able Of .. ~ ~ .. pl'O\ticHl$ conditiOns for aclUal deviOl 
opMatio .... 

Hot. 2: .... \IOItages ~ wittl respect to Vss U"IIess olherwise specifl8d. 

2 



DC Electrical Characteristics (Note 2) (Continued) 

Symbol P....-r CGnditions 
-4O"C +25"C +85"C 

Units 
Min Max Min Typ Max Min lIax 

I'N Input CUnent Voo-15V, VEE=OV -0.1 
V'N=OV 

-0.1 -10-5 -1.0 p.A 

Voo-15V, VEE=OV 
0.1 10-5 0.1 1.0 I'A V'N=15V 

100 Ouiescent Device Curent Voo-5V 20 20 150 p.A 
Voo-l0V 40 40 300 p.A 
VOO= 15V 80 80 600 p.A 

Signal Inputs (V,sland Outputs (Vas) 

RoN "ON" ResisIar<:e (Peak RL=101dl Voo= 2.SV, 
lor VEE "VIS " VOO> (anychaMel Vee- -2.SV 

850 270 1050 1200 n selected) or Voo= SV, 
VEE-OV 

I 
Voo-5V, 
VEE= -SV 

330 120 400 520 n or Voo"10V. I I I V",,=OV 

I Voo=7.5V, 

I I I VEE- -7.S">/ 210 80 240 300 n 

I orVoo=lSV, 

I aRoN 

VEE=OV 

a ''ON'' Resistance Rc -101dl VOO-2.SV, 
Between Arry Two (any cIlanneI VEE- -2.SV 
Channels selected) o.Voo-SV, 

10 n 

VEE-OV 

Voo=SV 
VEE- -SV 

10 n 
orVOO-l0V, 
VEE-OV 

VOO=7.5V, 
VEE- -7.SV 

5 n 
o.Voo·1SV. 
VEE-OV 

"OFP' Channel Leal<aqe VOO=7.SV, VEE- -7.SV I 
Ctnen~ any channel "OFP' 011- ±7.SV,/l0=OV ±50 ±0.01 ±50 ±500 nA 

"OFF" Channel Leakage Irllibit-7.SV ~Sl ±2OO ±0.08 ±2OO ±2OOO nA 
Ctnen~ all c:hameIs Voo-7.SV, 
''OFP' (Common VEE--7.SV, ~52 :>200 :>0.04 :>200 :1:2000 nA 
OUTIIN) Oll-OV 

/10= ±7.SV ~53 ±2OO ±0.02 :>200 ±2OOO nA 

Control /npUIa A, B, C and In/1ibft 

V'L Low Levellf1l\JI VO/_ VEE- Vss RL -lldl,o Vss 
115<2 p.A on all OFF Channels 
VIS-Voo IIvu 1 kn 
Voo-SV 1.5 1.S 1.5 V 
Voo-1OV 3.0 3.0 3.0 V 
Voo=lSV 4.0 4.0 4.0 V 

V'H High Level Input VoI_ VOO-S 3.5 3.5 3.5 V 
VOO-l0 7 7 7 V 

VOO=lS 11 11 11 V 

I'N Input CUnent VOO-15V, Vee- OV -0.1 -10-5 -0.1 -1.0 I'A 
V'N-OV 
VOO-1SV, Vee=OV 0.1 
VIN-15V 

10-5 0.1 1.0 p.A 

Now 1: .. AbsoWte ~ A.~··.-1I'IOM ve.s beyond which 1M safety or the dev10a canraI. be guafMl&ed. Except b' '''Op«aling Tetnc*'alure Range" 
they .,. not tTIINnt 10 imply IhIiI the de¥ioas Shoutd be opetaJed al IhItS8 limitS. The table of .. 8ectrcel ~tercstc:s" J)f(Wides COI'1ditions tOt actuel devic6 
opMIlion. 

Note 2: All woIl8gIH maesured with resp8C11O Vss unless o#\er'Wi$e speeifi6d. 

3 



AC Electrical Characteristics· TA-25·C, ~-~=2O ns,unlessolherwisespecitied. 

Symbol Parameter CondiHons Voo Min Typ Max Units 

/PZH. Propagation Delay T""" from Vee-Vss- OV 5V 600 1200 ns 

tPZL Inhbit 10 Signal Outpul RL -1kll 10V 225 450 ns 
(channel tlA'lling on) ~=5OpF 15V 160 320 ns 

tpHZ. Propagation Delay T""" from Vee-Vss- OV 5V 210 420 ns 
tpLZ Inhbit to Signal Output RL -1kll 10V 100 200 ns 

(channel turning off) ~=5OpF 15V 75 150 ns 

C,N Input Capacitance 
Control Input 5 7.5 pF 
Signal Input (IN/OUT) 10 15 pF 

GoUT Output Capacitance 
(common OUT liN) 

C04051 10V 30 pF 
C04OS2 VEE=VSS=OV 10V 15 pF 

C04053 10V 8 pF 

C,OS Feedthrough Capacitance 0.2 pF 

Cpo Power DiSSipatiOn Capacitance 

C04051 110 pF 
CD4052 140 pF 
C04053 70 pF 

Signal Inputs {Vts! and Outputs (Vas! 

Sine W;we Response RL =10kll 
(Distortion) flS=l kHz 

10V 0.04 % 
V,s-5 Vp-p 
Vee-VSi-OV 

Frequency Response, Channel RL -1 k!l, Vee-OV, VIS-5Vp-po 
10V 40 101Hz 

"ON" (Sine Wave Input) 20 Iog,o VOSIV,S= -3 dB 

Feedthrough, 0lannEi1 "OFF" RL =1 kll, Vee=Vss-OV, VIS=5Vp-po 
10V 10 101Hz 

20 Iog,o VOSIV,S- -40 dB 

Crosstalk Between Any Two RL -1 kIl, Vee-Vss-OV, V,s(A)-5Vp-p 
10V 3 101Hz 

Channels (frequency at ~ dB) 20 Iog,o VOs(B)IV'S(A)= -~ dB (Note 3) 

'PHL Propagation Delay Signal VEE-Vss=OV 5V 25 55 ns 

/PLH Input to Signal Output ~-50pF 10V 15 35 ns 
15V 10 25 os 

Control Inputs, A, B, C and Inhibit 

Control Input to Signal Vee - Vss - OV, RL -10 kIl at both ends 
Crosstalk 01 channel. 10V 65 mV (peak) 

Input Square Wa-re AmpiituOe= 10V 

'PHL. Propagation Delay Ttme from VEE-VSS-OV 5V 500 1000 ns 

/PLH Address to Signal Output ~=50pF 10V 180 360 ns 
(channels ''ON'' or "OFP') 15V 120 240 ns 

• At: """18t1 ant guaranlMd by rx: conotAaled \eIting. 

NcPe 3: A. B .... 1WiIO _rbitrary ~ with A turned""Ql'or and B"()FF'_ 

4 



Block Diagrams 

LOGIC 
LlEVEl 

CIIIIY"OWCN! 

lOGIC 
lfVfl 

CO"VERSION 

CD4051BM/CD4051BC 

CH"".U './OUT 

"UflY 
r. 

t Of' 
DfCOOfR 

"'TH 
"UIIIIT 

CD4052BM/CD4052BC 

,ur"RV 
TO 

IOfC 
DUOGER 

ITITH 
I .... ", 

5 

1 1 I .' 

I( (H,,""US ",lOUT 

• 

,_ .. 
OUTIlM 

COMMON X 
DUTil« 

TlIF/5662-2 



Block Diagrams (Continued) 
CD4053BMfCP40538C 

A 

IN" 

Truth Table 

BltlARY TO 
I_OF l 

DECODER 
WITH UfHmT 

v .. 

INPUT STATES 

INHIBIT C B A 

0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 . . . 

.... ur 

" u .. 

"ON" CHANNELS 

CD4051B CD4052B C04053B 

0 OX.OY ex. me. ax 
1 1X.1Y ex. bx. ay 
2 2)(.2Y ex. by. ax 
3 3X.3Y ex. by. ay 
4 cy.me. ax 
5 CY. me. 8y 
6 cy.by.ax 
7 CY. by. ay 

NONE NONE NONE 

6 

DuriUl 
nOR.., 
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Switching TIme Waveforms 

VOO 

VOS 
I 

"" I I 
I 
I 

aCIAL INPUT TO SIGNAl OUTPUT 

VOo 

'NloaT... ANY CHANNEl 
DUTil' 

Voo 

IKIl _01. OUT/llhf 
DurllN .N/OUT 

ADDRESS 
IftPUTS 

Voo 

A,I or C Yao 

Voo 

Voo 

0 

VOO 

VOS 

0 

7 

I 
I 
I 
I 
I 
I 

ADDRESS TO SIGNAL OUTPUT 

v"PlZ 

,,% 

n/F/5662-" 



Special Considerations 
In certain appliCations the extemailoaci-resiStor CUlTent may not exceed O.6Vat TA" 25"<:, or O.4V at TA>25'C (caICu-
Include botI\ Veo ard signaI-line components. To avoid lated from RON values shown). No Veo current will flow 
drawing Veo CLmInt when switch a.nent ftows "to IN/OUT through RL if the SWitch current flows inlo OUT/IN pin. 
pin, the voltage drop acroSs the bidirectional switch must 

Typical Performance CharacteristiCS 
"ON" ResiStance as a 

"ON" R_tance vs Signa! funetlon of Temperllture for 
Voltage for TA = 25"C VDD-VEE= 15V 

E 
... 

~ ." 1111111 
1 ... 11111111 l ... 
"- .. 
~ 1 !.!.U.~-'J ::: 
~ 

1St ~ ... 
~ '" a , .. 
; ~ 
~ IS, 

~~~.:"t ~ n'lr~ ~ ~ 
'It .lJ.U.Hi. '" l: · fA· .. a"c 

g .. ~_·~H·lnY · $I 

• ! • T.· ·Ir5"C .. .. -4 -I • , • • • -. .. -< .., • , • • • 
$tHAl WOlT"'! (V.I(Vl "GlIAL WOU"'! (V.) M 

"ON" R_tance as a "ON" R_tance as a 
Function of TemperatLre for Functton of Temperature fo< 
Veo- VEE-l0V VOO-VEE-SV 

:§ ... ... 
.11111 1- = 

1'" ' .... ,a-I: 5 

'" " ,. " ~ i 11111 . ... : '" ~ 

~ ~ 
' ... ·we 

'" .. 
~r·:·:·H 

fA. _lft·C • :: ~Ir ':;,-. ~ '"~ p 
'"~ 11111 ; .. til · .. : In fI 3 f .... -we Il • • .. -I .... -I • , • • • -. .. -< -, • • • • • 

SlGlIAl YOlU,Gf IV.' m sum. T VULTAGf IV.lfY) 
TL/F/5I562-S 
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Physical Dimensions inches (millimeters) 

~ 
0.745 

. (19.94) .,.1 --~ 

~l~ ti=g:~~f TYP 

&~O~l lli4l( f-JJ" 
90TH (NOS 

O.lOOtO.01D TYP 
[2 . .54 t O.2S] 

... 
'iiiii 

cavity DuaI-Jn.Une Package (J) 
0nIer Number CD4051BMJ, CD4051BCJ, C04052BIIJ, 

C04052BCJ, CD4053BIIJ or C04053BCJ 
NS Package Numbe< J16A 

r----~-! ....... tI. ___ • 

"15104UIII1. 

n;c...c...:l.,.I;I...:l.,.I;I.~ 
I 

1.nI_ •. W 
pm-I-ttl) 

I 

........... 
SmaIf Qutlne Package (M) 

OnIerN_CD4051BC11, 
C04052BC1I or C04053BC1I 
NS Package Numbe<1I16A 

9 
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Physical Dimensions inches (milAmetors) (ContinJed) 

LIFE SUPPORT POLICY 

Jl-.~~ (1.270""") WP 
~ O.D3U:o.ofS 

. (0.712f:0..581) 
J.- 0.lootO.ol0 

(2.5<000=) 
lYP 

Molded Dua~In-Une Package (N) 
Orde< CD4051BM. CD405IBC. 

0f'110M 02 OMS 

1 
O.lGO-O.l2O I-- (1.6,,,) 
/1.620-L128)L I 

~-= .... -1 ..... ~!:~~WP 
1:- C7J:ll -11 
(O.l2S~g~ 

(8.25S~~~) 

C04052IIM, C04052BC, CIX053BM, C04053BC 
NS Package Number NI6E 

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITIEN APPROVAL OF THE PRESIDENT OF NATIONAL 
SEMICONDUCTOR CORPORATION. As used herein: 

I. Life suwort devices or S'J'Il8mS are _ or 
systems which, (a) are Intended for surgic<II implant 
into the body, or (b) support 01" sustain life, lind whose 
failure to perform, when ~ used in accordance 
with instructiono for use pro¥idod in the labeling, can 
be reasonably e>cpecIed to resutt in a significant injury 
to the user. 

2. A critiCal coo "po"el~ is any component of a lie 
support _ or system whose tailura to perform can 

....... $eoINoof 1 ..... -1111 W..c Baldn Road 
AringIOft. TX 78017 
Tet: 1(8001272·9959 
F •• : 1I1IOOt 137·71)18 

............ .... ot 

"- I=u (+491 G-180-.530 8518 £,.. ~.1e¥m2.ftIC.c:om 
Deutsch Tet (H9t 1)..1110-530 115 85 
Engbh Tet (+49) o.l8().532 78 32 
F,~ Tel: (-+<49t ().180-532 93 56 
-.....a Tef:(HIIIIC)..llO-53<ClI80 

be reasonably e>cpecIed to cause the taiture 01 the life 
support _ or system, or to aftecI its safety or -. 

........ ...-'11 Ice 
Hoftg KOIIf Ud. 
13th Floor, keiQhl Bta. 
0cMft CeNre. 5 <Mt0ll Ad. 
r ......... KowloOn 

"'''-Tet (852) 2137-leoo 
FtuC (152) 21'3e-9960 

NMIoMI $Ic;iIJ:Ia( dllCfot' -"" Tat 1I~ZJ()g 
File .1.00.299-2408 
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1. Mechankal Specification 

ITEM STANDARD VALUE UNIT 
NUMBER OF CHARACTERS 16 CHARACTERS X 2 LINES --

CHARACTER FORMAT 5X8DOTS --
MODULE DIMENSION 80.0(W} X 36.0 (H) X 13.2 (T) mm 

·VIEWING DISPLAY AREA 65.0JW) X 16.0 (l:Il mm 
ACIlVEDISPLAY AREA 55.73 (W) X 10.98 (H) mm 

CHARACTER SIZE 2.78 (W) X 4.89 (H) mm 
CHARACTER PITCH 3.53(W) X 6.09 (lil mm 

DOTSlZE 0.50 (W) X 0.55 (H) mm 
DOT PITCH - 0.57 (W) X 0.62 (H) mm 

APPROX. WEIGHT 30 g 
LCDlYPE STN '- Gray, 1116 DUTY, 6 O'clock 

BACKLIGHT lYPE LED USE INVERTER 
BACKLIGHT INPUT DC+5V I V 100 I rnA 1Hz 

INVERTER INPUT I V I rnA 1Hz 
BACKLIGHT Half-Lift TIME 100000 HR. 

2. MI!chanical Diagram 

80 254"15-38 J 339 

~!r-J~tii3l I I 16- "'1.0 I I cV or; ~ £!j 
1 / ~ 

-' '~IQ~(QJt;J(QJI~lkJl;J(QJGlI.Q!I;J(QJ ~ °1 M 

C""l M 0 , 
+1 .0000000000000000 0 0 0 ~t , ... , +1 ~ ~ "" gt I 0000000000000000 M 

or; ~ 
"" ;;-
~ : 02 ,.. 4 

) 1 
.5 

~l~l:;;l~i 
12.1351 ! (D/A)55.73 12.135 

I '--. 
(V/A)65.0±0.3 7.5 7.5 I 2.78 0.75 5.4 69.2:1:0.3 5.4 

2.5 75.0:1:0.3 2.5 _II '.:I~.-
- 80.0:1:0.5 _0 

1 C\l :[t-~ I~:l :l===:E::1 L~'~~J:=J~ :~b2 sg~~ 
- -L---1L ...;T LED ...;F= EL OR NO :::E 

0.0-' 0.5 BACKLIGHT TYPE BACKLIGHT TYPE 

• Interface Pin Connections-

~O SYMBOL LEVEL FUNCTION _ 
I VSS -- GND(OV) 
2 VOD HIL DC+5V 
3 VO HIL Contrast Adjust 
4 RS HIL -- ReEister select 
5 RJW HIL ReadIWrite 
6 E H,H~L Enable signal . 

7 DBO HIL Data Bit 0 
8 OBI HIL Data Bit 1 
9 'DB2 HIL Data Bit 2 
10 DB3 HIL Data Bit 3 
11 DB4-' HIL Data Bit 4 
12 DB5 HIL Data Bit S 
13 DB6 HIL Data Bit 6 
14 - DB7 HIL Data Bit 7 
IS A(-lJ.. DC+SV LED Back1j~ht + . 
16 K(-) OV LED Backlight -

- I 

4. Black Diagram 

080 
I 

- 087 

R/W 

.& 

RS 

.....l 
0 
p:: 
E-o 
Z 
0 

-u 

BACK 
LIGHT 

- . 

.0 SEC 

~ 
16 COM LCD 16X2 

.0 SEC 

. I, DRIVER IC 

~I..----iVDD 

I VR :~-lVo LCM 
---<>-----i vss 

, 
\ 
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5. Absolute MaximulII Halings 

ITEM 
OPERATING TEMPERATURE 

STORAGE TEMPERATURE 
INPUT VOLAGE 

SUPPLY VOLTAGE FOR LOGIC 
SUPPLY VOLTAGE FOR LCD 

STATIC ELECTRICITY 

6. Electrical Characteristics 

ITEM 
SUPPLY VOLTAGF. FOR LOGIC 

SUPPLY VOLTAGE FOR LCD 

INPUT HIGH VOLTAGE 
INPUT LOW VOLTAGE 

OUTPUT HIGII VOLTAGF. 
OUTPUT LOW VOLTAGE 

SUPPLY CURRENT 

·7. Optical Characteristics 

ITEM .. --
VIEW ANGLE (V) 
VIEW ANGLE (H) 

CONTRAST RATIO 
RESPONSE TIME 
RESPONSE TIME 

8. Optical Definitions 

Response Time 

r Un -·r r 
L L 'U _ ... _ ...... 

(eMlH .... . , lIthoclH . C .... iUoII 
.. 

'-100 . -.-. 

\~ 
"' . r 1 i .' 

- - I - --
~ * . 

. 9. Display Address 

1 2 3 4 S 
Line 1 80 81 82 83 84 
Line 2 CO CI C2 C3 C4 
Line 3 

'Line 4 

21 22 23 24 2S 
, Line 1 

Line 2 . 
Line 3 
Line 4 

6 
85 
C5 

26 

SYMBOL MIN. TYPE MAX. UNIT 
TOP 0/-20 - +50/+70 "C 
TST -10/-30 - +60/+80 ~.·C 

VI VSS -- VDD ._ V 

VDD-VSS .- 5.0 6.5 'V 
VDD-VO - - 6.5 V 

Be sure that you are grounded when handing LCM. 

SYN CONDITION MIN. TYPE MAX. ·UNIl 
VDD-VSS - 4.5 5.0 5.5 V 

Ta= 01-20 t - 4.8/5.0 -- V 
VDD-VO Ta=25·C -- 4.4 -- V 

Ta= +50/+70 t -- 4.113.9 - V 

VUi . - 2.2 -- VDD V 
VlL -- 0 -- 0.6 V 
VOH - 2.4 -- -- V 
VOL - -- -- 0.4 V 
IDD VDD-5V -- 3.0 4.5 rnA 

SYM CONDITION MIN. TYPE MAX. UNIT 
() CR;;:2 -10 - 40 deg. 

Ip CR;;:2 -30 - 30 deg. 

CR - - 5 - -
TON - - 180 230 mS 
TOFF - - . 100 150 mS 

Contrast Ration View Angle 

7 8 9 10 11 12 13-_ _l4 15 16 17 18 19 20 

86 87 88 89 8A 8B 8C 8D' 8E 8F 
C6 C7 C8 C9 CA ,CB CC :CD CE CF 

.. 

27 28 29 30 31 32 33 34 35 36 37 38 39 40 
... -

.~ .. ~ 
, -



I.u. ~1"'l:;1 Ht\.:C' IU n.1rU 

10.1 Interface to Z-80 CPU 

.. .... 

~-. 
... 1- ... .,. 

• • 
Z60 .''"'" :t'!AN LCM /.D 

,10'" NOR 
L :JNOR ./W 

DO_O'7 00_0'7 

10.3 Interface to 4-bit CPU ( I1MCS43C) 

. 
DO. •• 
DO_ .,. 

HMCS43C LCM 
DO' • 

'UO_IU3 0 ...... 0.' 

I. Timing Control 

11.1 Write and Read Operation 

Write Operation 

iS~ 
tAS :/',......, i'AH 

=< 
/ 

P"EJI :~ - t£1' ,-
ttR - '--- ~tDS" tOHR 

BO-OB7 J>( 
tCYC~ 

/-
,/ 

10.2 Interface to MC6800 CPU 

MO. H AND L • -. I 
MC6600· - LCM 

.'w .'W 
00-0'7 DO- .,. 

10.4 InltrfRce to H06805 MP 

CD J • 

C. ... 
Hose05 LCM 

c. .,. 
"O-A? D.4-08" 

Read Operation 

RS _>:1 >( 
~ r'iAli 

R/W •• A l '--

~H 
.1 I-- ttY 

E t£R -.1' I to OR N tOUR ~ k OBO-DB7 ; . , 
: lCYCE 

Item Symbol Limit {Min.) Limit (Max.l Unit 
Enable Cycle Time 'tCYCE 1000 - ns 

Enable Pules Width ( Hi£h level ) PWEH 450 - ns 
. Enable RisefFan Time tgRJEF - 2S ns 

~ddress Set-Up Time ( RS,RIW,E ) tAS 100 - ns 
Address Hole Time· tAR . -, 10 -- ns 
Data Set-U~ Time .c:. .. -- -- tDSW .100 - ns 
Data Delay Time tDDR - 190 ns 

. Data Hold Time . tDHR. 20 - ns 

11.2 Busy nag check timing 

e bit. busy tlas cheek t.imina 

,t.ern._! 
_______ J",--'O'---- ............. 1 Op __ t'.n 

- I 
B? ~ D ..... :> .... __ ". ..... Jo" 

.... _IL ...... II.._" """_II.. I . r ..... h •• " I .... __ h __ k r' ...... __ k' 

----------------~~ "'---------------
"'-"/ 

~t.·_ ... n._l .... "' .......... Op __ tl_ ... 

B? ... co 
rl. __ h_.1e 

: IR7, lRJ : Instruction 7th bit, 3rd bit; AC3 : Address Counter 3rd bit. 



12. Initialization of LCM 

The LCM automatically initializes ( reset) when power !s turned on using the internal reset circuit. If the power supply 
conditions for correctly operating of the internal reset circuit are not met, initialization by instruction is required. Use the 
procedure is next page for initialization. 

Internal Power Supply reset ...---------.. 
4.SV 

Vcc 
0.2V 

tofT -
(Note I) 10 ms ~ trcc ;;: 0.11]lS, toff;;: I ms. 
(Note 2) toff stipulates the time of power OFF for momentary pow~ supply dip or when power supply cycles ON and OFF. 

Item S"'m!Jol Tes: condition Umit (Min:) Umit-(Max.) Unit 
Power SUDlJlv rise time tree - 0.1 10 ms 
Power sUDPlv off time toff - I -- ms 

I) 8 Bit Interface 2) 4 Bit Interface 

Power On Power On 

J Wait t S ms or mote after Voo reaches 4.SV 1 I Wait IS ms or morcaner Voo reaches 4.SV I 

I 
Busy flat! ..... ·t be c:hecked I L._ 0<" 

Function lei : 8 bits f 

R/W DB7 DBG DDS DB4 
o o o 

Wait 4.1 ms ... more WaiH.t msormore 

Busy flat! eon'\ be checked. 
Function rei : 8 bits 

I~SP':ID:7ID:6ID~SID~ID~t)~I~II~1 DBS DB. 

I 
Wait 100,.. ... _ 

.. 

r RSTR/WIDB7T Da6TDBST DD4IDB31DB21 DBIIDBOI IRS I R/W 1 DB7 1 DB6 1 DBS 1 DB4 I 
1010101011111· • -1 .• - I .• '1 -, I 0 I 0 1 1 0 1 I 

·r Function rei : 8 bits 

RS R/W DB7 DB6 DBS 
RS R1W DB7 OB6 OBS OB4 OB3 DB2 OBI DBO 0 0 0 0 I 
0 0 (I 0 I I N F • • Function Set 0 0 0 0 I 

1-. '- 0 0 N F • 
0 0 0 0 0 0 I 0 0 0 1- DisplayOlf ,.- 0 0 0 0 0 

0 0 I 0 0 
0 0 0 0 0 0 0 0 0 I 1- ~isplay Clear - 0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 O· 0 I 110 S 1- Entry Mode Sel '- 0 0 0 0 0 

0 0 0 I I/O 
'T I 

lEnd of lnitializationl 
.. I End of lnitlahzatlonl 

• Busy flag is checked after instructions are completed. Ifbusy flay isn't checked, the waiting time between 
instructions should be longer than eKccution time of these instructions. 

1 I I 

DB4 
I 
0 
• 
0 
0 
0 
I 
0 
S 

I 



3. Instruction Set 

R R D D D D D D D D EXECU. 
FUNCTION S IW B B B B B B B B DESCRIPTION TIME-

7 6 5 4 3 2 I 0 (MAX.) 

:::lear Display 0 0 0 0 0 0 0 0 0 I Clears entire display and returns the cursor to home 1.64ms 
position ( address 0 ). 

~eturn Home 0 0 0 0 0 0 0 0 I x Return the cursor to the home position. Also returns the 1.64ms 
display being shifted to the original position. DD RAM 
contents remain unchanged. 

Entry mode Set cursor move direct and specifies display shift. These 40tL s 
set I operations are performed during data rite/read. For 

0 0 0 0 0 0 0 1 I S normal operation, set S to zero. I/D= 1 : increment; 
D o :decrement ;S=1 : accompanies display shift when data 

is written, for normal op;:ration. set to zero. 
Display Set ON/OFf ::!! display(D),a:rsor ON/OFF(C), and 40Jl s 

ON/OFF 0 0 0 0 0 0 I D C B blink of cursor position character(B). D=I: ON display; 
control 

'.' ,.,.,. O:OFF display., C= 1: ON cursor;O: OFF cursor. B= I : 
ON blink cursor: 0: OFF blink·cUrsor. '" , 

, 

Cursor or S R Move the cursor and shift the display without changing 40Jls 
Display 0 0 0 0 0 I / I x x DD RAM contents. SI.C==I: Display shift; O:Cursor 

shift C L move. R/L= I: shift to right· 0: shift to left. 
Function Set the interface data length (DL). N::mber of display 40 tL s 

Set 0 0 0 0 I D N F x x lines (N) and character font (F). DL==l: 8 bits; 0:4 bits, , ' L N= 1: 2 lines' 0: 1 lines: F= 1: Sx I 0 dOb; 0: Sx7 dots. ., , 

;et CG RAM 0 0 0 1 ACG Set CG RAM address. CG RAM data is sent and 40Jl s 
address received after this settimt 

;et DD RAM ,0 0 1 , ADD Set DD RAM address. DO RAM data is sent and 40tLS 
address , received after this setting 

Read busy Reads Busy Flag (BF) indicating internal operation is 1 tLs 
0 I B AC 

. ' . 
flag& being performed and reads address counter contents. 

address - F BF= I: internallv operating. 0: can accept instruction 
"rite Data to I 0 WRITE DATA Write data into DO RAM or CG RAM. 40tL s 
:GIDDRAM 
lead Data for I I READ DATA Read data from DD RAM or CG RAM 40Jls 
:GIDDRAM 

". User Font Patterns ( CG RAM Character) 

Character CodelDD RAM datS) CG RAM Address , Character Pattern (CG RAM data) 
6 76S43210 Lo SO 210 Hi 76S 4 3 2 I 0 Lo 

000 xxx I I I I 0 
001 xxx I 0 () 0 I 
010 xxx I 0 0 0 I 

0000.000 000 o I I xxx I I I I 0 

I 
100 xxx I 0 I 0 0 

, 101 xxx I 0 0 1 0 
I 10 xxx I' 0 0 0 I 
III xxx 0 0 0 0 0 
000 xxx I 0 0 0 I 
001 xxx 0 I 0 I 0 
010 ",xx I I I I I 

0000,,001 001 011 xxx 0 0 I 0 0 
100 xxx I I I I I 
101 xxx 0 0 I I 0 
I 10 xxx 0 0 I 0 0 
I I I xxx 0 0 0 0 0 

-_ .... ---.. ---............ ---- - -- - -- --- ---
" 

000 
00 I 
010 

OOOOxll1 III 011 
100 
101 
! ! 0 
I I I 



18. Character Generator ROM Map 

. 

CHARACTER PATTERN CHART (5x 7 DOTS +CURSOR) 
Higher 4 bi' 

0000' 0010 0011 0100 0101 0110 "",pr 4 'bit . OlIl 1010 lOll 1100 1I01 1110 1111 

ICORAM ~, :@ D ... P -S' - (1 p XXXXOOOO (I) - --.. 
! I R G! Y If .::. 

--.-. 
XXXXOOOI (2) 

I .. a -=1 a a CI 
II 2 E~ R b r r .{ I~ ;l ~. e XXXXOOIO (3) 

XXXXOOll (4) : = 3 Ie s C S ., -J T =e :s ~. 
~~ .::~ D -"'" c: t I . ., 

XXXXOIOO (5) ... ~ 1--1 Q 
.' :% 5 r--

~.J :::~ 7- .1 
•• . . 

~ e u • 15 U XXXXOIOI (6) • --
8:: 16 r-- IU r ? :tJ - 3 ~ XXXXOI JO (7) ~ V .:=t -
=- 7 II::' IW 9 :1: )? -

W 7' .., q :rt XXXXOIII (8) 

.( .-. l=: n Q ~~ IJ -- x .{ .f' X XXXXIOOO (I) .. . , .:. 
) 9 

.. I'" 

'i • :1 ) I~ -I II 1 -=- ~ XXXXIOOI (2) • II 

* • ~f Z j 
:-

.) 0 
• 
~ 

I . 

Z :z: -1 XXXXIOJO (3) • 1-

+ .- K "'" k { I' It: IJ :-: J 

::t n XXXXIOII (4) , 
I-

< ~ • I = .. :w - ¢- fZI XXXXIIOO (5) , .... "" 
.,., J ..... 

~ - } ::< ..... - : ~ - fit • 
(6) - - .J. -) -XXXX!JOI . . .. • 

)r-. ,.I"-. ~ 1~ -~ ~ --n 3 n XXXXI! 10 (7) • • I 

/ I? (I _ 0 -t- I~ -:J -:::' III --.-. 

• XXXXlIII (8) 0 



ULN2803A 
DARLINGTON TRANSISTOR ARRAY 

• 500 mA Rated Col/ector Current (Single 
Output) 

• High-Voltage Outputs ___ 50 V 

• Output Clamp Diodes 

• Inputs Compatible With Various Types of 
Logic 

• Relay Driver Applications 

• Compatible with ULN2800A Series 

description 

The ULN2803A is a monolithic high-voltage, high-current 
Darlington transistor array_ The device consists of eight npn 
Darlington pairs that feature high-voltage outputs with 
common-cathode clamp diodes for switching inductive loads. The 
collector-current rating of each Darlington pair is 500 mA. The 
Darlington pairs may be paralleled fer higher current capability. 

~9-FEBRUARY1~7 

NPACKAGE 
(TOPVlEW) 

16 1C 
26 2C 
36 3C 
46 4C 
56 5C 
56 5C 
76 7C 
86 BC 

GND 9 COM 

Applications include relay drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge),line 
drivers, and logic buffers. The ULN2803A has a 2.7 -ko series base resistor fer each Darlington pairfor operation 
directly with TIL or S-V CMOS devices. 

The ULN2803A is offered in a standard 18-pin dual in-line (N) package. The device is characterized for 
operation over the temperature range of -2D"C to 85°C. 

logic symbolt logic diagram (positive logic) 

18 

28 

38 

48 

58 

68 

78 

88 

1 

2 

3 

4 

5 

6 

7 

8 

CLAM~ 
t> Q 

10 

18 

17 

16 

15 

14 

13 

12 

11 

COM 

1C 

2C 

3C 

4C 

5C 

6C 

7C 

8C 

tThis symbol is in accordance with ANSIIIEEE Std 91-1984 
and lEe Publication 617-12. 

18 
18 1C 

17 
28 2C 

16 
38 3C 

48 
15 

4C 

14 
58 5C 

13 
68 6C 

12 
78 7C 

11 
88 8C 

10 
COM 

A. Please be aware that an important notice concerning availability, standard warranty. and use in critical applications of 
~ Texas Instruments semiconductor produds and disclaimers thereto appears at the end of this data sheet 

PRODtIC'11ON DATA Infom.Hon '- eun.nt as. of publk:a1ton claW. 
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~ of III pt,ramnn., -l!J TEXAS 

INSTRUMENTS 
POST ~ICE BOX 655303 • DAlLAS, TEXAS 75265 

Copyright © 1997. Texas Instruments locotpOl'3ted 



UlN2803A 
DARLINGTON TRANSISTOR ARRAY 

SLRS049- FEBRUARYl997 

schematic (each Darlington pair) 

.-..... - COM 

~>.~----~~~--- OUTPUTC 
Input B --<I ....... Nv ... +-l 

E 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)t 

Collector-emitter voltage ................................................................... 50 V 
Input voltage (see Note 1) .............................................•..................... 30 V 
Continuous collector current .............................................................. 500 rnA 
Output clamp diode current ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 500 rnA 
Total substrate-terminal current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -2.5 A 
Continuous dissipation at (or below) 25°C free-air temperature .............................. 1150 mW 
Operating free-air temperature range, TA ............................................ -20°C to 85°C 
Storage temperature range, Tstg ................................................... -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: ....•.......................... 260°C 

t Stresses beyond those Hsted under "absolute maxinlLm ratings" may caUSe permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyOnd those indicated under "recommended operating condttions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliabiltty. 

NOTES: 1. All vottages values, unless othelWise noted, are with respect to the emitter/substrate terminal GND. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



ULN2803A 
DARLINGTON TRANSISTOR ARRAY 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

ICEX Collector CUIDff current . VCE=50V. 11=0. 
See Figure 1 

II(off) Off-state input current VCE-SOV. IC = 500 JJA. 
TA =70·C. See Figure 2 

Il(on} Input current VI = 3.85 V. See Figure 3 

IC = 200 rnA 

VI(on} On-state Input voltage VCE=2V. IC=250mA 
See Figure 4 

IC=300mA 

II = 250 JJA. IC = 100 rnA. 
See Figure 5 

VCE(sat} Collector emitter saturation voltage II = 350 JJA. IC = 200 mA. 
See Figure 5 

III = 500 fIA.. IC ~ 350 rnA, 
See Figure 5 

IR Clamp diode reverse current VR = 50 V. See Figure 6 

VF Clamp diode fOlWard voltage IF= 350mA. See Fogure 7 

Ci Input capacitance VI=OV. f= 1 MHz 

switching characteristics at 25°C free-air temperature 

tPLH 

tpHL 

VOH 

PARAMETER TEST CONDITIONS 

Propagation delay time. Jow-to-high-level output VS=SOV. 
Propagation delay time. high-to-Iow level output CL=15pF. 

High-level output voltage after switching 
VS=SOV. 
See Figure 9 

~TEXAS 
INSTRUMENTS 

RL = 1630. 
See Figure 8 

10. 300 rnA, 

POST OFFICE BOX 655303. DAlLAS, TEXAS 75265 

MIN 

SO 

MIN 

VS-20 

SlRS049- FEBRUARYl997 

TYP MAX UNIT 

50 IIA 

65 IIA 

0.93 1.35 rnA 

2.4 

2.7 V 

3 

0.9 1.1 

1 1.3 V 

1.3 1.6 

50 IIA 
1.7 2 V 

15 25 pF 

TYP MAX UNIT 

130 
ns 

20 

mV 

3 



ULN2803A 
DARLINGTON TRANSISTOR ARRAY 

SLRS049-FEBRUARYl997 

PARAMETER MEASUREMENT INFORMATION 

Open 

Open VeE 

~ 'CEX 
:>0-_--' 

Figure 1. ICEX Test Circuit 

Open 

.:>0--4-- Open 

Figure 3. 'lIon) Test Circuit 

Open 

Open VCE 

Figure 2. "(off) Test Circuit 

Open 

I 

Figure 4. VI(on) Test Circui~ 

Open 

I 

Figure 5. hFE. VCE(sat) Test Circuit 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAllAS. TEXAS 75265 

Figure 6. IR Test Circuit 



ULN2803A 
DARLINGTON TRANSISTOR ARRAY . 

PARAMETER MEASUREMENT INFORMATION 

Pulse 
Generator 

(see Note A) 

Open 

Input 

Figure 7. VF Test Circuit 

Open VS=50V 

Test Circuit 

SlRS049 - FEBRUARYl997 

Input 

-.J 14-- < 5 ns --t4 ~ < 10 ns 

: ):90% 90%lT--------- 7!.NoteC) 
10",,$50% 50%1Sk 1!W. 0 

14 0.5 "" ---~~ 
1 1 I 
If- tpHL -tj I+- tPLH ~ 

__ -_---..1 1 ~ __ _ 

\50% 50%/ Output 

Voltage Wavefonns 

NOTES: A The pulse generator has the following ctIafaCIe<istics: PRR = 1 MHz, Zo = 50 Q. 

B. CL includes probe and jig capacitance. 
C. V,H=3V 

Figure 8. Propagation Delay Times 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 
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ULN2803A 
DARLINGTON TRANSISTOR ARRAY 

SLRS049- FEBRUARYl997 

PARAMETER MEASUREMENT INFORMATION 

Vs 

Input 

Pulse 
Generator _,. ___ _ 

( .... Not.A) 

Test Circuit 

Input 

--.I '-- < 5 ns 

I 90% 

-.I '+- < 10 ns 

90%-t:T--------- VIH 
(see Note C) ~ 10% 1.5V 

1"1" __ - .co "" 

1.5VX 10% I~~----________ 0 

----+I., 

Output \'--__ --J/ 
Voltage Waveforms 

NOTES: A. The pulse generotor has the following characteristics: PRR = 12.5 KHz. Zo = 50 n. 
B. CL includes probe and jig capacitance. 
C. VIH=3V 

Figure 9. Latch-Up Test 

~TEXAS 
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